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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

MEASUREMENT THROUGH THE SPEED OF SOUND OF STATIC PRESSURES
ON THE REAR OF UNSWEPT AND SWEPTBACK CIRCULAR CYLINDERS
AND ON THE REAR AND SIDES OF A WEDGE
BY THE NACA WING-FLOW METHOD

By Richard H. Sawyer and Fred L. Daum
SUMMARY

Static-pressure measurements were made through the speed of sound
by the NACA wing-flow method at the rear of two unswept circular cylin-
ders of different length-diameter ratio, and one 45° sweptback circular
cylinder. Additional measurements were made at the rear and sides of
a wedgs. A Mach number range from about 0.7 to about 1.2 was covered
in the tests.

The results of the tests iIndicated thet the static pressures at
the rear of the unswept cylinders and wedge decreased considerably with
increasse 1in Mach numbsr from 0.70 to 1.0. Comparison of the results
for the unswept cylinders of different length-dlameter ratio showed that
the decrease in statlc pressure began at a lower Mach numbsr and was of
greater magnitude for the cylinder of higher length-diameter ratio. For
the sweptback cylinder, the rapid pressurs decrease was dslayed to
Increasingly higher Mach numbers with Increase in distance from the root.
The static pressures on the sides of 'the wedge increased considerably
wlth increase 1n Mach number from 0.90 to Ll.1T7.

INTRODUCTION

In connection with ths pressure survey of the test region in the
development of the NACA wing-flow technique for transonic research,
reference 1, statlic-pressure msasurements were made at several spanwlse
locatlons at the rear of two unswept circular cylinders and one swept-
back circular cylinder and at the base of a wedge at Mach.numbers
extending through the speed of sound. Pressure measurements were also
made at one spanwise statlion at midchord on sach face of the wedge.

These data, although tga ig‘scé%i end application, are believed
to be of considerable inte in indicat®ng soms of the baslic effects
of the changes in flow characteristics in the transonic speed range.
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APPARATUS AND TESTS

The cylinders used for the tests were made of %-inch-diameter gteel

tubing. Two of the cylinders, 10 inches and 1k inches long, were mounted
normel to the wing surface at 45 percent chord on the modified ammmitione
compartment door of & P-51D airplane (fig. 1). The third cylinder,

1% inches long, was mounted at 1&5 from the normal to the wing surface at
k2.5 percent chord, (fig. 2). The outboard ehd of each of the cylinders
was closed with & hemispherica.l fitting. _ . _

The wedge had & chord of 2.5 Inches, a gpan of 10 Inches, and an .
included angle of 8°, The wedge was mounted with lts spanwlse axls normsal
to the wing surface at 45 percent chord and was free to aline itself with
the local air flow (fig. 3 ). A circular end plate was fixed to the end
of the wedge adJacent to the wilng surface.

Pressure measurements were made by means of orifices in the rear
of the cylinders and on the rear and sldes of the wedge connected to
NACA recording menometers. The location of “the orifices above the wing
surface is indlcated in the sketches of figure 4. Reference static pres-
sures and the Mach number, or, in effect, the free-stream conditions of
the tests, were determined by statlc-pressure surveys of the test region
in separate tests without a model in place. The chordwlse varlation of
the reference static pressure close to.the wing surface was determined
from pressure measurements with statlc-pressure orifices flush with the
wing surface (similar to the manner described in reference 1). The vari-
atlon of the reference atatlc pressures normal to the wing surface was
determined from pressure measuremsnts with a static-pressure tube mounted
at varlous helghts above the wing surface. The tests weres made iIn high-
speed dives of the P-51D airplane such that Mach numbers at the test
staetlon on the wing ranged from about 0.7 to 1.2. The corresponding

Reynolds numbers ranged from sbout 6 X 101‘ to 10 X 10" for the unswept
cylinders, from ebout 9 x 107 to 1k x 10% for the sweptback cylinder, and
from about 4 x 102 to 7 x 10° for the wedge.

The measurement of the pressures and the Mach number from & consider-
ation of the sensitivity of the measuring instrumen'bs is estimated to be
within the following limits:

Prossure, inches of Wator « ¢ « + « ¢ ¢ o o « « s s ¢« ¢ s o « « « « 0.2
mch nllmber L ] L] . L] L] L] . . L] L] L] L] L] L] [} - L I 1 . . . L] L] . L] Ld L] -':Oloo5
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RESULTS AND DISCUSSION

The results of the tests are presented in figure 4 as a plot of the
static-pressure ratio p/p, against M, where p 1s the static pressure

measured at the orifice in the model and p, and M are the effective

free-stream static pressure and Mach number, respectively, at the oriflce
location.

The stetic pressures on the rear of the 10-inch and 1lk-inch unswept
cylinders and on the base of the wedge (figs. 4(a) to 4(c)) seem +to show
no consisgstent varlation of pressure with spanwise position of the orifice.
For these models, the variation of pressure with Mach number was approxi-
mately the same for all of the orifices of a given model. In gensral, a
decrease 1n pressure of from 25 to 40 percent of free-stream static pres-
sure occurred with increase in Mach number from 0.7 to 1.0 for all three
models.

For the 10-inch unswept eylinder (fig. 4(a)), the variation of pres-
sure with Mach number was fairly constant up to a Mach number of about 0.95,
decreased rapidly wlth further increase in Mach mumber to 1.0, and then
remelined approximately constant with further increase in Mach number. Tie
variation of pressure with Mach number for the lhi-inch unswept cylinder
(£ig. 2(b)) was similar to that for the 10-inch unbwept cylinder except
thet the rapld decrease of pressure occurred at gbout 0.025 lower Mach
number; at Mach numbers above 0.95, the pressure reached a somewhat lower
congtant value than for the shorter cylinder. These results Indicate an
adverse effect of increased length-diameter ratio (or aspect ratio) at
high subsonic Mech numbers which 1s In agreement with previous resulis on
the effect of aspect ratio of airfolls at high subsonic Mach numbers
(reference 2). '

For comparison wlth the results obtained on the unswept cylinders,
the statlc pressure measured at a Reynolds number of 22,000 on the rear of
a circular cylinder (two-dimensionsl) in the wind-turmel tests of
reference 3, is plotted on figures L(a) and 4(b) at a Mach numbsr of 0.695.
The agreement is reasonably good. Although the Reynolds number of the
wind-tunnel tests was approximately one-third that of the present tests,
it appears, according to results obtained by Ferri (reference 4) s that
Reynolds number effects on the pressure distribution around cylinders is
negligible at Mach numbers sbove about 0.70.

The base pressures on the wedge (fig. 4¥(c)) showed a more gradual
decrease with Mach number then the pressures on the rear of the unswept
cylinders up to a Mach number of 1.0 and then becams nearly constant at
the higher Mach numbers. The pressures were consliderably higher on the
base of the wedge than on the rear of the unswept cylinders at all Mach

numbers. ‘



NACA RM No. L8B13

Rotating the lk-inch cylinder back 145° (fig. 4(d)) caused a marked
difference 1in the varilation of the pressure wlith Mack number at the three -
orifice positions. Up to a Mach number of 0[85, the pressures at the T
three orifice positions (about 4, 25, and 54 percent of the length of the
cylinder from the root) were practically the same. With further increase
in Mech number the inboeard orifice showed & pPressure decrease generally
gimilar to that of the unswept cylinder, but with increasing dlstance
from the root, the pressure decrease.was delayed to Increasingly higher
Mach numbsrsj for the outermost orifice (54 percent) the pressure decrease =
did not occur until a Mach number of 1.07 was attained, a Mach numbsr
ebout Q.15 above that for the unswept cylinder. Comparison of the results
for the outermost orifice of the swept cylinder with the resulis of the
unswept cylinder indicated that the difference in pressures (up to the
Mach number at which the pressure decrease occurs) conforms approximately
to the simple sweepback theory; that is, the pressures developed are a
function of the dynsmic pressure and Mach number of the flow normal to the
exis of the cylinder. The rapld pressure decresge on the swept cylinder
occurred, however, at & considerably lower Mach number than would be
sxpected from application of the simple theory to the unswept-cylinder
resulis. '

The static pressures on the sides of the wedge (fig. L4(e)) were *
practically constent gt Mach numbers from 0.7 to about 0.9. At Mach
numbers between about 0.9 to 1.17, a large ingresse in the pressure N
occurred. The value of the pressure obtained at the highest Mach number '
tested, l.17, agreed well with the value calculated by the theory of
oblique plane shock waves (reference 5) for a Mach numbsr of 1.20 (the
lowest Mach number for which the theory indicates an attached shock wave).

CONCLUSIONS

Measurements at transonic speeds of statlc pressures at the rear of
two unswept clrcular cylinders of different length-dlameter ratio and one
sweptback circular cylinder and at the rear and sides of a wedge indlcated
the following results:

l. The static pressures at the rear of the unswept c¢ylinders and the
wedge decreased on the order of 25 to 40O percent of the free-stream pres-
sure with increase in Mach number from 0.70 to 1.0, and then remained
nearly constant up to the highest Mach number sttained, (1.1% to 1.2).

2. An adverse effect of increasing ths length-dlameter ratio (or
aspect ratic) of the unswept cylinders‘yas noted in that the rapid
decrease in the static pressure for the longer cylinder occurred at a
Mach number about 0.025 lower than for the shorter cylinder and the pres-
sures at Mach numbers above 1.0 wers lower for the longer cylinder.
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3. The statlc pressure at the rear of the 45° sweptback cylinder near
the root showed a variation with Mach number generally similsr to that for
the unswept cylinders; but as the distance from the root increased, the
rapld pressure decrease was delayed to increasingly higher Mach numbers.

L, The static pressures at midchord on the sides of the wedge were
approximately constent at Mach numbers from 0.70 to sbout 0.90 and then
increased with increasing Mach numbers to a value at a Mach mumber of 1.17
in close agreement with that calculated by the theory of oblique plane
shock waves for a Mach number of 1.20.

Langley Memoriel Aeronautical Leborstory
Nationsl Advisory Committee for Aercnautlcs

Langley Fleld, Va.
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Figure 2.- Three-quarter rear view of 45° sweptback cylinder mounted on wing ammunition-

- compartment door. P-51D airplane.
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Figure 3.- Rear view of 10-inch-span wedge mounted on wing
ammunition-compartment door. P-51D airplane.
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Figure 4.- Variation of pressure ratio p/ Ps with Mach number M
for the several cylinders and wedge tested.



